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(57) Conventionally, when a biological information 
collecting device is used for measurement, an electrode 
is directly attached to a human body, accurate infomna- 
tion cannot be collected and measurement through a 
lead wire is performed, for long time constraining the hu- 
man body because of the lead wire. A device proposed 
to solve the problem comprises a capacitive sensor 
used for detecting a signal from the human body, and 
therefore the temperature characteristics are not good, 
bringing out a drawback that the signal varies in a low- 
frequency range. A biological information collecting de- 
vice according to the invention comprises a closed 
pneumatic sound sensor having a gas-tight air bag 
made of soft rubber, plastic, or cloth or a cabinet made 
of metal, rubber, plastic, or wood. Biological information 
about the respiration, the cardiac rate (cardiac cycle), 
and the body movement due to, e.g. a cough or a snore 
is collected by a microphone of a pressure sensorto per- 
form measurement without constraining the human 
body, thereby solving the problem of the conventional 
devices. 
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Description 

Technical Field 

[0001 ] This invention relates to a biomedical informa- 
tion collection apparatus which uses a closed air type 
sound sensor mounted on a closed cabinet having a var- 
iable internal volume to collect biomedical infomiation 
such as a heart rate, a respiration rate and movements 
of the body including a cough and a snore. 
[0002] This invention provides a biomedical infomia- 
tion collection apparatus which can collect a biomedical 
infomiation without attaching an electrode, lead wire 
and other measuring instrument to the human body. 

Background Art 

[0003] As a conventional apparatus for collecting bi- 
omedical information such as a heart rale, a respiration 
rate and movements of the body, an apparatus wherein 
electrodes for detecting various kinds of infomiation are 
attached to the human body and signals detected by the 
electrodes are transmitted to a measuring instrument 
over lead wires to collect biomedical infomnation of the 
hunrian body is used frequently. 

[0004] In such a conventional apparatus as described 
above, since the electrodes for infonnation detection are 
attached to the human body, they are liable to be dis- 
placed from their original positions during use, resulting 
in variation of the output signals thereof and the collec- 
tion lead wires are liable to suffer from disconnection at 
crossing points of the electrodes or folds of bedclothes, 
and where commercial power supply is used, there is a 
danger that, if the collection lead wires should contact 
with the living organism, then the living organism may 
receive an electric shock. Further, a lead wire is very 
likely to act as an antenna and suffer from external elec- 
tromagnetic wave noise. In this manner the convention- 
al apparatus has various subjects to be solved. Further, 
not only accurate infomiation cannot be collected for a 
long period of time, but also the freedom of the human 
body is lost owing to electrode fixing instruments and 
lead wires such that the human body is restricted even 
from tossing and turning in bed. 
[0005] As a countenmeasure for solving the problems 
of conventional biomedical signal detection apparatus 
of the type described, an apparatus disclosed in the of- 
ficial gazette of Japanese Patent Laid-open No. Hei 
10-14889 has been proposed. 

[0006] This apparatus includes body movement 
measurement means for measuring an oscillation signal 
of a living organism based on a series connection elec- 
trostatic capacity of a first electrostatic capacity formed 
between a first electrode and the living organism and a 
second electrostatic capacity formed between a second 
electrode and the living organism, and body pressure 
measurement means for measuring a body pressure 
signal originating from the weight of the living organism 



by means of the first or second electrode and a third 
electrode, and further includes cateulation means for 
calculating a characteristic amount of the living organ- 
ism such as the body weight, a heart rate, a respiration 
5 rate, an active mass or a life condition based on outputs 
of the body movement measurement means and the 
body pressure measurement means without adhering a 
measurement electrode directly to the living organism. 
[0007] However, the apparatus disclosed in the offi- 
10 cial gazette of Japanese Patent Laid-Open No. Hei 
10-14889 uses an electrostatic capacity type sensor to 
detect an oscillation signal of a living organism and uses 
a pressure-sensitive element to detect a body pressure 
signal originating from the weight of the living organism. 
'5 [0008] Generally, the electrostatic capacity type sen- 
sor is not good in temperature characteristfc and exhib- 
its a variation of a signal In a low frequency region in the 
proximity of the direct current. Meanwhile, the pressure- 
sensitive sensor has a creep characteristic and so forth 
20 and is low in response speed. In short, the pressure- 
sensitive sensor is poor in measurement accuracy of the 
absolute pressure and cannot catch a dynamic high fre- 
quency signal. Although it is a possible idea to use a 
distortion resistive element as the pressure-sensitive 
25 sensor, the output signal of the distortion resistive ele- 
ment is greatly dependent on environment such as in- 
stallation conditions orthe temperature. As a result, con- 
ventional biomedical signal sensors have a subject to 
be solved in that they are subject to such a restriction 
30 that the user itself perfonns zero point adjustment or 
gain adjustment every time a measurement is started, 
or a protection apparatus for stabilizing the installation 
environment of the sensor is provided separately, or 
else the biomedical signal sensor Is used only as an on/ 
35 off switch. 

Disclosure of Invention 

[0009] According to the present invention, the prob- 

40 lems of the conventional apparatus are soh^ed by real- 
izing a biomedkjal infomiation collection apparatus 
wherein a sheet-shaped air bag made of soft gum, plas- 
tic or cloth, or a closed air type sound sensor each 
fomied from a non-directional mrcrophone or/and pres- 

45 sure sensor for detecting and converting an air pressure 
in each of sheet shaped air bag or closed cabinets hav- 
ing air-tightness and each having a variable intemal vol- 
ume into an electric signal are used and the air pres- 
sures when a plate-shaped member is placed on the 

50 closed air type sound sensors in a state wherein air re- 
mains therein and a human body is placed on directly 
or with bedclothes or the like interposed therebetween 
are detected by the non-directional microphones or/and 
pressure sensors, whereby biomedkial infonmation such 

55 as the breath, the heart rate (cardiac cycle), or body 
movements including a cough or a snore of the human 
body can be measured without damaging the freedom 
of the human body. 
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[001 0] With the biomedical information coliection ap- 
paratus of the present invention, since the outer electri- 
cal and mechanical noises can be prevented by using 
pressure sensor a biomedical signal can be measured 
accurately over a long time. Therefore, the biomedical 
information collection apparatus is most suitable for re- 
mote supervision of an in-patient in a hospital and so 
forth. 

Brief Description of Drawings 
[0011] 

FIG. 1 is a schematic view showing an embodiment 
of a closed air type sound sensor used in the 
present invention and using a closed cabinet having 
a variable internal volume; 

FIG. 2 is a view showing a conventional biomedical 
information correction apparatus which uses a 
pressure sensor; 

FIGS. 3 to 5 are views showing states of use of a 
biomedical infonnation collection apparatus which 
uses the closed air type sound sensor of the present 

invention; 

FIG. 6 shows an example of an output signal of a 
non-directional microphone of the enclosed air type 
sound sensor 1 0; 

FIG. 7 shows a signal SI obtained by enlarging a 
signal of a portion (portion surrounded by a circle in 
FIG. 6) whose level is stable but exhibits small var- 
iations from within the output signal of the non-di- 
rectional microphone of the enclosed air type sound 
sensor 10 shown in FIG. 6 and another signal S2 
obtained by differentiating the signal of the same 
portion; and 

FIG. 8 is a block diagram showing an example of a 
signal processing circuit for processing the output 
signal of the closed air type sound sensor 1 0 to ob- 
tain various l^inds of biomedical infonnation. 

Best Mode for Carrying out the Invention 

[001 2] FIG. 1 is a schematic view showing an embod- 
iment of a closed air type sound sensor used in the 
present invention and using a closed cabinet having a 
variable internal volume. 

[0013] (a) of FIG. 1 is a schematic view showing a 
configuration of the closed cabinet having a variable in- 
ternal volume, and (b) is a sectional view of the closed 
cabinet. 

[0014] Refen-ing to (a) and (b) of FIG. 1 , reference nu- 
meral 1 0 denotes a closed cabinet having air-tightness, 
made of metal, rubber, plastics, wood or the like and 
having a variable internal volume. Reference character 
SP denotes a spring member for keeping an internal air 
gap of the closed cabinet 1 0. Reference numeral 41 de- 
notes a hose connected to the closed cabinet 10. Ref- 
erence numeral 21 denotes a non-directional mtero- 



phone or pressure sensor, and 31 a lead wire for deliv- 
ering a signal of the non-directional microphone or pres- 
sure sensor 21. 

[0015] A state of arrangement of the spring member 
5 SP is described with reference to the sectional view of 
(b) of FIG. 1 . (b) of FIG. 1 shows a cross section taken 
along plane A-A' of (a) of FIG, 1 . and (1 ), (2), (3) and (4) 
show examples whch use spring members of different 
structures from one another. 

(1) of (b) of FIG. 1 shows an example wherein the 
interior of the closed cabinet 10 is filled with the 
spring member SP of continuous foamed sponge 
having an air penneability to support the air gap in 
the interior of the closed cabinet 1 0. In this instance, 
the side walls of the closed cabinet 1 0 are made of 
a flexible material so as to be movable when the 
shape of the spring member SP of the foamed 
sponge varies. 

(2) of (b) of FIG. 1 shows an example wherein part 
of the interior of the closed cabinet 1 0 is supported 
by independent foamed sponge elements SP 1 , SP2 
and SP3 to support the air gap in the interior of the 
closed cabinet 10. 

(3) of (b) of FIG. 1 shows an example wherein a 
plurality of springs SP4, SP5 and SP6 are disposed 
in the interior of the closed cabinet 1 0 to support the 
air gap in the interior of the closed cabinet 1 0. 

(4) of (b) of FIG. 1 shows an example wherein the 
closed cabinet 1 0 itself is provided with resiliency 
by the shape of the surface material of the cabinet 
to support the air gap in the interior of the closed 
cabinet 1 0 and divide the interior of the closed cab- 
inet 1 0 into a plurality of air chambers. 

[0016] Reference numeral 21 denotes a non-direc- 
tional mrcrophone or pressure sensor, and 31 denotes 
a lead wire for signaling a signal of the non-directional 
microphone or pressure sensor 21. Reference 41 de- 
notes a hose connected to the closed cabinet 10. 
[0017] The non-directional microphone or pressure 
sensor 21 is attached to an end portion of the hose 41 . 
[0018] Air is enclosed in the interior of the closed cab- 
inet 10, and the pressure of the air is transmitted to the 
non-directtonal microphone or pressure sensor 21 
through the hose 41 . The non-directional microphone or 
pressure sensor 21 converts the internal pressure of the 
closed cabinet 10 into an electrrc signal and transmits 
the electric signal over the lead wire 31 . 
[0019] The closed cabinet 1 0 has a microscopic pin- 
hole provided therein as an air leak countermeasure for 
minimizing the influence upon the non-directional micro- 
phone or pressure sensor 20 whrch detects and con- 
verts the air pressure into an electric signal. 
[0020] FIG. 2 is^a view showing a state of using acon- 
ventional biomedk^al information collection apparatus 
which uses a closed air type sound sensor. 
[0021] Refening to FIG. 2, reference numeral 60 de- 
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notes a bed to be used by a person from whom biomed- 
ical infonmation is to be collected. Reference numeral 
50 denotes an infonmation processing apparatus for col- 
lecting and processing biomedical infonmation. Refer- 
ence numeral 1 0 denotes a known closed air type sound 
sensor made of flexible rubber, plastic, cloth or the like. 
Reference numeral 30 denotes a lead wire for transmit- 
ting a detection signal of the closed air type sound sen- 
sor. Reference numeral 70 denotes a person from whom 
biomedical infonnation is to be collected, and 80 a pillow 
to be used by the person from whom biomedical infor- 
mation is to be collected. 

[0022] When It is intended to collect biomedical infor- 
mation such as a heart rate and a respiration rate of an 
in-patient in a hospital or the like for remote supervision, 
since ft is necessary to perfonm a measurement for a 
long period of time, the measurement is perfomied while 
the person 70 whose biomedical Infonmation is to be col- 
lected is in a state wherein the person 70 lies on the bed 
60 using the pillow 80. In this instance, the closed air 
type sound sensor 1 0 for collecting btomedrcal informa- 
tion is placed at a position of the back on which the 
weight of the closed air type sound sensor 10 whose 
biomedical information is to be collected is applied most, 
and the person 70 whose biomedk^al information is to 
be collected assumes a state where it lies on the closed 
air type sound sensor 10. 

[0023] Involuntary mechanical movements such as 
breath and pulsation of the heart of the person 70 whose 
biomedk^al information is to be collected and involuntary 
mechanical movements of uriconscious movements of 
the body such as tossing and turning are transmitted 
through the air enclosed in the interior of the closed air 
type sound sensor 1 0 to the non-directional microphone 
or pressure sensor, by which they are converted into an 
electric signal. 

[0024] The electhc signal detected by the closed cab- 
inet 10 is transmitted to the infonmation processing ap- 
paratus 50 over the lead wire 30, and processing and 
supervision of the biomedical information are performed 
by the information processing apparatus 50. 
[0025] FIG. 3 is a view showing an embodiment of a 
biomedical infonmation collection apparatus whk:h uses 
the closed air type sound sensor of the present inven- 
tion. Referring to FIG. 3, reference numeral 60 denotes 
a bed to be used by a person whose biomedical Infor- 
mation is to be collected. Reference numerals 1 0 and 
20 denote each a closed air type sound sensor having 
the configuration shown in FIG. 1 , and 31 and 32 denote 
lead wires for transmitting signals detected by the 
closed air type sound sensors. Reference numeral 70 
denotes a plate-shaped member on which a person 
whose biomedical information is to be connected is to 
lie. 

[0026] The closed air type sound sensors 1 0 and 20 
are placed on the bed 60, and the plate-shaped member 
70 is placed on them. The closed air type sound sensors 
1 0 and 20 are placed at the opposite end portions of the 



plate-shaped member 70 and are set in such a position- 
al relationship that the plate-shaped member 70 is sup- 
ported by the closed air type sound sensors 1 0 and 20. 
In the case of the embodiment of FIG. 3. since a person 

5 whose biomedical infonmation is to be collected lies on 
the closed air type sound sensors 1 0 and 20, even when 
the person whose biomedk^l information is to be col- 
lected in a state v^erein the person lies on the plate- 
shaped member 70 changes the position of the body 

10 thereof by tossing and turning or the like, the biomedical 
infonmation can be collected stably. 
[0027] FIG. 4 is a view showing another embodiment 
of the biomedical informatton collection apparatus which 
uses the closed air type sound sensor of the present 

15 invention. Referring to FIG. 4, reference numeral 60 de- 
notes a bed to be used by a person whose biomedical 
information Is to be collected. Reference numerals 10, 
20, 30 and 40 denote each a closed air type sound sen- 
sor having the configuration shown in FIG. 1 . Reference 

^0 numerals 31 and 32 denote lead wires for transmitting 
signals detected by the closed air type sound sensors, 
and 41 and 42 air pipes. Reference numeral 70 denotes 
a plate-shaped member on which a person whose bio- 
medical information is to be collected is to lie. 

25 [0028] The closed air type sound sensors 1 0, 20, 30 
and 40 are placed at the four comers of the bed 60, and 
the plate-shaped member 70 is placed on them. The 
closed air type sound sensors 1 0, 20, 30 and 40 are 
placed at the four comers of the plate-shaped member 

30 70 and set in such a positional relationship that the plate- 
shaped member 70 is supported by the closed air type 
sound sensors 1 0, 20, 30 and 40. In this instance, where 
closed air type sound sensors in each of which a sound 
sensor is provided in the interior of an air gap are used, 

35 if the air chambers of the closed air type sound sensors 
10 and 30 and the air chambers of the closed air type 
sound sensors 20 and 40 are connected to each other 
by the air pipes 41 and 42, respectively, then it is pos- 
sible to commonly use non-directional mk:rophones or 

^ pressure sensors provided for the closed air type sound 
sensors 1 0 and 30 or 20 and 40 for detecting an air pres- 
sure. Also it is possible to interpose the closed air type 
sound sensors 1 0, 20, 30 and 40 in tegs at the four cor- 
ners of the bed 60. 

45 [0O29] Also where another closed air type sound sen- 
sor wherein a sound sensor is provided outside the air 
gap is used for the closed air type sound sensors 10, 
20, 30 and 40, non-directional microphones or pressure 
sensors for detecting the air pressures of the air cham- 

50 bers of the closed air t^e sound sensors 1 0 and 30 or 
20 and 40 can be used commonly. 
[0030] In the case of the embodiment of FIG. 4, since 
a person whose biomedical information is to be collect- 
ed lies on the closed air type sound sensors 1 0, 20, 30 

55 and 40 with the plate-shaped member 70 interposed 
therebetween, even when the person whose biomedical 
inf onmafion is to be collected in a state wherein it lies on 
the plate-shaped member 70 changes the position of the 
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body by tossing and turning or the like, stable biomedical 
infomfiation can be collected at all times. 
[0031] It Is to be noted that, while. In the description 
of FIGS. 3 and 4, examples are described wherein a 
closed air type sound sensor is placed on the bed 60 
and the plate-shaped member 70 is placed on the 
closed air type sound sensor, the closed air type sound 
sensor and the plate-shaped member 70 placed on the 
same need not necessarily be placed on the bed 60 but 
may be placed directly on a mat or the floor. 
[0032] FIG. 5 is a view showing a further embodiment 
of a biomedical information collection apparatus which 
uses the closed air type sound sensor of the present 
invention. Referring to FIG. 5, reference numeral 70 de- 
notes a plate-shaped member on which a person whose 
biomedical information is to be collected is to lie. Refer- 
ence numerals 51 , 52, 53 and 54 denote support posts 
for the plate-shaped member 70. Each of the support 
posts 51. 52, 53 and 54 is a closed air type sound sensor 
formed from a cushion-shaped air bag or a cabinet in 
which air is enclosed, in the air chamber of each of the 
support posts 51 , 52\ 53 and 54, a unique non-direction- 
al microphone or pressure sensor for detecting the air 
pressure of the air chamber can be provided. In this in- 
6tar>co. an optimum one of signals of the sensors of the 
support posts can be selectively used. Also it is possible 
to connect the air chambers of the support posts 51 , 52, 
53 and 54 to one another by an air pipe 4 such that a 
single non -directional microphone or pressure sensor 
can be used commonly. 

[0033] In the case of the embodiment of FIG. 5. since 
the closed air type sound sensors for collection of bio- 
medical information support the plate-shaped member 
70 at the four corners by means of the support posts 
each formed from a cushion-shaped air bag or a cabinet 
in which air is enclosed, also when the person whose 
biomedical information is to be collected in a state 
wherein it lies on the plate-shaped member 70 changes 
the position of the body by tossing and turning or the 
like, the biomedical infonmatlon can be collected more 
stably. 

[0034] The biomedical information collection appara- 
tus which uses the closed air type sound sensor of the 
present invention is most suitable tor remote supervi- 
sion of an In-patient in a hospital or the like because tt 
grasps the breath, the pulsatton of the heart and body 
movements including a cough and a snore generally as 
a superimposed signal in a state wherein it does not re- 
strict the behavior of the person lying on the plate- 
shaped member at all and can perform selection and 
analysis of the body movement times depending upon 
the amplitude and selection and analysis of the breach 
and pulsation of the heart depending upon the frequen- 
cy 

[0035] The biomedical infonmatlon detected by the 
closed air type sound sensor used in the biomedical in- 
fomnation collection apparatus of the present invention 
includes involuntary mechanbal movements such as 



the breath and the pulsation of the heart. The biomedical 
information further includes involuntary mechanical 
movements such as unconscious body movements 
such as tossing and turning, and during sleeping, also 
5 the unconscious body movements are significant Infor- 
mation as a vigilance level. 

[0036] In the remote supervision of an In-patient in a 
hospital or the like, It is possible to automatically detect 
from the state of biomedical infonmation of the breath, 

10 respiration rate and so forth of the in-patient that the pa- 
tient has fallen asleep and perform such an operation 
as to extinguish the light of the sk:kroom, switch off the 
television or adjust the sound volume of the radio set. 
Further, by incorporating the apparatus of the present 

'5 invention into an article for daily use such as a bed, a 
chair, a carpet, a bathtub or a seat on a toilet bowl with 
which a living organism contacts, the condition of the 
health of the living organism can be discriminated with- 
- - out imparting an unfamiliar feeling to the living organism 

20 itself. It is known that an ordinary person who acts In the 
daytime exhibits the lowest temperature of a deep por- 
tion of the human body during sleeping around six 
o'clock in the morning, and essential biomedical Infor- 
mation which Is not influenced by the activity is obtained 

25 and can be coordinated with a cold or metabolism infor- 
mation such as a female periodk: sexual hormone 
change. 

[0037] FIG. 6 shows an example of an output signal 
of the no n -directional microphone of the closed air type 

30 sound sensor 10. 

[0038] The axis of abscissa indrcates the time (Sec), 
the axis of ordinate indicates the level (V) of the output 
signal. A portion of the output signal which exhibits a 
great variation in FIG. 6 indicates an involuntary me- 

35 chanical movement 6MT of unconscious body move- 
ments such as turning of the person 70 whose biomed- 
ical infomriation is to be collected. Meanwhile, another 
portion of the output signal which exhibits a stable level 
and exhibits small variatk>ns indicates an involuntary 

^ mechanical movement such as breath or pulsation of 
the heart of the person 70 whose biomedical information 
is to be collected. 

[0039] FIG. 7 shows a signal S1 which is an enlarged 
signal of a portion of the output signal of the non-direc- 

^5 tional mk:rophone of the closed air type sound sensor 
10 shown In FIG. 6 within which the level is stable and 
exhibits small variations (portion surrounded by a circle 
in FIG. 6) and another signal S2 obtained by differenti- 
ating the signal at the portion. 

so [0040] A periodk^al signal in a high level of the wave- 
form of the signal S2 obtained by differentiating the out- 
put signal of the non -directional microphone of the 
closed air type sound sensor 10 indicates a heart beat 
period, and the Interval between a periodk^al signal of a 

55 high level and a periodteal signal of an intermediate level 
indicates a left ventricular ejection time. 
[0041] In this manner, various kinds of biomedical in- 
formation can be obtained continuously over a long pe- 
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riod of time from the output signal of the non-directional 
microphone of the closed air type sound sensor 10. 
[0042] FIG. 8 is a block diagram showing an example 
of a signal processing circuit for processing the output 
signal of the closed air type sound sensor 10 to obtain 
various kinds of biomedical infomnation. 
[0043] Referring to FIG. 8, reference character PT de- 
notes the non-directional microphone of the closed air 
type sound sensor 10, which outputs such a signal as 
shown in FIG. 6. 

[0044] Reference character LV denotes a level detec- 
tion circuit, which outputs a pulse A when the output of 
the non-directional microphone PT exceeds a predeter- 
mined level.^ Reference character LP denotes a tow- 
pass filter, which removes high frequency components 
of the output signal of the non-direclional microphone 
PT Reference character DF denotes a differential anv 
piffier, whtoh outputs such a signal as shown by S2 of 
FIG. 7 whch is obtained by differentiating the output sig- 
nal of the non-directional microphone PT 
[0045] Reference characters DTI , DT2 and 0T3 de- 
note maximum value detectors, each of whk:h outputs 
a pulse of the positive polarity each time it deters a 
maximum value of a signal applied thereto. 
[0046] Reference characters CU1 . CU2 and CU3 de- 
note counters, each of which counts pulses applied 
thereto and generates an output signal when the count 
value becomes equal to a preset value. Reference char- 
acters TM1 , TM2, TM3 and TM4 denote timers, each of 
which measures a period of time after a signal Is applied 
to a start temiinal thereof until a signal is applied to a 
stop tenninal thereof and outputs a result of the meas- 
urement at an output temiinal thereof. Reference char- 
acter DV denotes an attenuator, which attenuates a sig- 
nal t applied thereto and ou^uts the attenuated signal. 
Reference character SW1 denotes a switch, and Ml a 
memory. 

[0047] An output signal of the non-directional micro- 
phone PT is applied to the level detection circuit LV, tow- 
pass filter LP and differentiation amplifier DF. 
[0048] A pulse outputted from the level detection cir- 
cuit LV is supplied as a start signal to the timer TM1 and 
applied also to the counter GUI . 
[0049] The counter GUI outputs a pulse of a different 
polarity each time it receives the pulse A outputted from 
the level detection circuit LV and is a preset counter 
whrch operates such that it outputs a pulse of the neg- 
ative polarity when it receives the first pulse from the 
level detection circuit LV and then outputs a pulse of the 
positive polarity when it receives the next pulse. 
[0050] The timer TM 1 measures a period of time after 
it receives a positive polarity pulse from the level detec- 
tion circuit LV until it receives a positive polarity pulse 
from the counter GUI, and outputs the measurement 
value as a body movement time BMT. 
[0051] The output of the low-pass fitter LP is applied 
to the maximum value detector DTI , and a pulse out- 
putted from DTI is supplied as a start signal to the timer 



TM2 and is further applied to the counter GU2. 
[0052] The timer TM2 measures a period of time after 
it receives a positive polarity pulse A from the maximum 
value detector DT until it receives a positive polarity 

5 pulse F from the counter CU2, and outputs the meas- 
urement value as a breath period RP 
[0053] The output signal of the differentiation amplifier 
DF is connected to the maximum value detector DT2. 
[0054] A pulse outputted from the maximum value de- 

10 tector DT2 is supplied as a start signal to the timer TM3 
and is further applied to the counter CU3. The timer TM3 
measures a period of time after it receives a positwe po- 
larity pulse from the maximum value detector DT2 until 
it receives a positive polarity pulse from the counter 

15 CU3, and outputs the measurement value as a cardiac 
cycle RR. 

[0055] The timer TM4 starts in response to a pulse 
outputted from the maximum value detector DT2 and 
switches ON the switch SW1 only for a period of time 
20 equal to 1 /n the cardiac cycle RR prior by one heart beat 
measured by the timer TM3 and stored so that only an 
aortto valve closing sound is detected by the maximum 
value detector DT3 and applied as a stop signal to the 
timer TM4. Then, the measurement value of the timer 
25 TM4 is outputted as a left ventricular ejection time ET. 
[0056] Operation of the circuit of FIG. 8 having such 
a configuration as described above is such as follows. 
[0057] Such an electric signal of biomedical informa- 
tion as shown in FIG. 6 or as indicated by SI in FIG. 7 
30 is outputted from the non -directional mtorophone PT 
This signal indicates such involuntary mechanical 
movements such as the breath and the pulsatton of the 
heart of the person 70 whose biomedtoal infomnation is 
to be collected. 
35 [0058] The level detection circuit LV outputs a pulse 
A when the electrk: signal of the output of the non-direc- 
tional mtorophone PT exceeds a predetermined level, 
that is, when some body movement occurs with the per- 
son 70 whose biomedical information is to be collected, 
40 outputs the pulse A and supplies to the timer TM1 . In 
response to the pulse A, the timer TM1 starts a meas- 
urement of the body movement time BMT. 
[0059] The timer TM1 measures the period of time af- 
ter it receives the pulse A from the level detection circuit 
45 LV until it receives a pulse B from the counter GUI : that 
is, the body movement time BMT of the person 70 
whose biomedical information is to be collected shown 
in FIG. 6, and outputs the measurement value. 
[0060] High frequency components of the electric sig- 
50 nat of the output of the non-directional microphone PT 
originating from body movements and so forth are re- 
moved by the low-pass filter LP, and a maximum value 
of the electric signal, that is, a body movement of the 
person 70 whose biomedical information is to becollect- 
55 ed originating from the breath, is detected by the maxi- 
mum value detector DTI and a pulse A is outputted from 
the same. 

[0061 ] The timer TM2 measures the period of time af- 
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ter it receives the putse A from the maximum value de- 
tector DT1 until it receives the pulse B from the counter 
CU2, that is, the breath period RP shown in FIG. 6, and 
outputs the measurement value. 
[0062] The electric signal of the output of the non-di- 
rectional microphone PT is differentiated by the differ- 
entiation amplifier DF so that it is converted into such a 
signal as indicated by S2 of FIG. 7, and a maximum val- 
ue of the differentiation signal is detected by the maxi- 
mum value detector DT2. 

[0063] The timer TM3 measures the period of time af- 
ter It receives the pulse A from the maximum value de- 
tector DT2 until it receives the pulse B from the counter 
CU3, that is, the cardiac cycle RR shown in FIG. 7, and 
outputs the measurement value. 
[0064] Further, the timer TM4 switches ON the switch 
SW1 only for a period of time equal to 1/n the cardiac 
cycle RR prior by one heart beat after it receives the 
pulse A from the maximum value detector DT2, and 
measures the period of time until it receives the pulse B 
from the maximum value detector DT3, that is, the left 
ventricular ejection time ET shown in FIG. 7, and outputs 
the measurement value. 

[0065] Various kinds of biomedical information can be 
obtained by processing the output signal of the closed 
air type sound sensor 10 by means of the signal 
processing circuit in this manner. 

Industrial Applicability 

[0066] The biomedical Information collection appara- 
tus of the present Invention can be used for a long period 
of time for both of an elderly person or a serious case 
weakened in physical fitness and conversely a living or- 
ganism who moves actively because It uses closed air 
type sound sensors and can collect biomedical infomria- 
tion from the closed air type sound sensors. 
[0067] If the biomedical information collection appa- 
ratus which uses the closed air type sound sensor of the 
present invention Is used together with short or long dis- 
tance communication means, it is useful also as a mon- 
itor for an in-patient of a hospital, a monitor for a patient 
under medical treatment at home or a monitor during 
sleeping of a healthy person and can be applied also for 
detection of apnea syndrome, arhythmta during sleep 
and so forth. Further, it can be used also for observation 
of a variation of the heart rate or the breath arising from 
a cold, a change in hormone or fever. Furthermore, it 
alk3ws also detennination of the depth of sleep (REM 
sleep, NONREM sleep) and can provide a good timing 
for wakeup as well. 



Claims 

1. A biomedrcal infonmatlon collection apparatus, 
comprising: 



a flexible sheet-shaped air bag made of gum, 
plastic, cloth or a like material having air-tight- 
ness; 

a closed air type sound sensor fonned from a 
5 non-directional microphone or/and pressure 

sensor for detecting and converting an air pres- 
sure in each of said airbag into an electrk: sig- 
nal; 

the air pressure in said air bag when a human 
10 body is placed on said air bag in a pertaining 

shape directly or with bedclothes or the like in- 
terposed therebetween while air remains in 
said closed air bag of the closed air type sound 
sensors being detected by the non-directional 
'5 microphone or/and pressure sensors to meas- 

ure biomedical information such as the breath, 
the heart rate, or body movement including a 
cough or a snore of the human body. 

20 2. A biomedical information collection apparatus, 
comprising: 

a closed cabinets made of a metal, rubber, plas- 
tics, wood or a like material having air-tightness 
25 each of said closed cabinets having a variable 

intemal volume; 

a closed air type sound sensor fonned from a 
n on -directional mk:rophone or/and pressure 
sensor for detecting and converting an air pres- 
to sure in each of said closed cabinets into an 
electric signal; and 

the air pressures in said closed cabinets when 
a human body is placed on said closed cabinets 
in a pertaining shape directly or with bedclothes 

55 or the like interposed therebetween while air re- 

mains in said closed cabinets of the closed air 
type sound sensors being detected by the non- 
directional microphones or/and pressure sen- 
sors to measure biomedical infonmation such 

40 as the breath, the heart rate (cardiac cycle), or 

body movements including a cough or a snore 
of the human body. 

3. A biomedical information collection apparatus ac- 
45 cording to claim 2, wherein said non-directional mi- 
crophone or/and pressure sensor for detecting and 
converting an air pressure in each of said closed 
cabinets into an electric signal uses a closed air 
type sound sensor mounted in each of the interior 

so of said closed cabinets. 

4. A biomedical infomiation collection apparatus ac- 
cording to claim 2, wherein said non-directional mi- 
crophone or/and pressure sensor for detecting and 

55 converting an air pressure In each of said closed 
cabinets into an electric signal uses a closed air 
type sound sensor mounted at an end portion of a 
hose connected to said closed cabinets. 
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A biomedical information collection apparatus ac- 
cording to claim 2. wherein a closed air type sound 
sensor wherein a microscopic pinhole is provided 
in each of said closed cabinets to establish an air 
leak countemrieasure to minimize the influence up- s 
on said non-directional microphone or/and pres- 
sure sensor for detecting and converting an air 
pressure into an electric signal. 
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FIG. 2 
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ABSTRACT : PURPOSE: To provide a body movement detecting device for detecting that a person is 
lying or sitting on a mattress or cushion and a sleeping state judging device for judging the 
sleeping state by detecting a turning-over in bed in case of sleeping. 

CONSTITUTION: A flat flexible air cell 2 laid on the reverse side of a mattress to which the 
weight of a person is added, a pressure sensor 5 for detecting air pressure fluctuations in 
the air cell 2, and a detector 4 are provided. By detecting the air pressure of the air cell 2, 
the presence or txxjy movement of the person is detected, and the sleeping state is 
judged by the output frequency of air pressure detecting signal. Thus, sleeping state can 
be judged without attaching a sensor direct to a human body, and body movement in a 
wide area can be detected with one or only several pressure sensors. 
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